We present two searches for rare charm decays by the LHCb collaboration using data corresponding to an integrated luminosity of 1 fb −1 recorded in 2011. The first is a search for D 0 → µ + µ − decays for which the upper limit on the branching fraction at the 95% C.L. is found to be
Introduction
Flavour-changing neutral currents (FCNCs) are highly suppressed in the Standard Model (SM). This is particularly true in the charm sector for which Glashow-Iliopoulos-Maiani (GIM) suppression plays a significant role. Decays that proceed solely via FCNCs, with no tree diagram, are conventionally denoted 'rare'. Physical processes that exist beyond the SM (BSM) can potentially enhance the branching fractions of rare decays; one example is R-parity violating supersymmetry [1, 2] . Precision measurements of rare charm decays could therefore reveal the presence of any BSM physics.
In these proceedings we present two searches for rare charm decays by the LHCb collaboration. The first is for D 0 decays to the final state µ + µ − [3] and the second is for D ± (s) decays to π ± µ + µ − and π ∓ µ ± µ ± [4] , described in Sections 2 and 3, respectively. The two final states share similar topologies and the analyses therefore have several features in common. Both analyses use data recorded by LHCb in 2011 at a centre-of-mass energy of 7 TeV.
D 0 → µµ
The decay D 0 → µµ is very rare in the SM; in addition to GIM suppression the decay is helicity suppressed. Long-distance contributions, particularly the γγ intermediate state, are anticipated to dominate. The SM predicts a branching fraction B(D 0 → µ + µ − ) < 6 × 10 −11 at the 90% confidence level (C.L.).
The search for D 0 → µ + µ − is performed on a data sample collected by LHCb corresponding to an integrated luminosity of 0.9 fb
where the D * is produced at the pp interaction vertex and the charge of the pion tags the flavour of the D. The analysis exploits the kinematically similar decay channel D * ± → D(π + π − )π ± to normalise the yield of signal decays. Two further decays, J/ψ → µ + µ − and D * ± → D(K ± π ∓ )π ± , are used as control channels. A multivariate selection is used to reduce the level of combinatorial background and particle identification criteria are used to reduce backgrounds in which a π or K is misidentified as a muon. The branching fraction B(D 0 → µ + µ − ) is determined according to the formula 1) where N(X) and ε(X) are the yield and selection efficiency of the final state X, respectively. Trigger and reconstruction efficiencies are determined from Monte Carlo simulated data and corrected using data-driven methods. The value of B(D 0 → π + π − ) is taken from Ref. [5] . The yields of D 0 → µ + µ − and D 0 → π + π − candidates are determined from two-dimensional unbinned maximum likelihood fits to the reconstructed D mass, m D 0 , and the difference between the D * and D masses, ∆m. The fits to D → π + π − candidates are illustrated in Fig. 1 and those to D → µ + µ − candidates are shown in Fig. 2 . The parameter α is calculated to be (1.96 ± 0.23) × 10 −10 .
In Fig. 2 , no significant excess over the background is observed. The CL s method [6, 7] is used to determine the upper limit on the D 0 → µ + µ − branching fraction
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Rare charm decays at LHCb Christopher Thomas The previous best upper limit was 1.4 × 10 −7 [8] ; the SM prediction is several orders of magnitude lower still.
Decays of both D ± and D ± s mesons to the final states π ± µ + µ − and π ∓ µ ± µ ± are of interest to this analysis. The branching fraction of the decay D ± → π ± µ + µ − is predicted to be in the range 1-3×10 −9 [9, 10, 11] . The equivalent D s decay occurs via weak annihilation (WA) and is useful as a normalisation channel; it is essential to distinguish WA from FCNC contributions in
Lepton number violating processes such as D ± (s) → π ∓ µ ± µ ± are forbidden in the SM. They can only occur by lepton mixing involving a non-SM particle, e.g. a Majorana neutrino. The presence of any such decays would therefore be an unambiguous signature of BSM physics.
The LHCb collaboration searched for these decays in a data set corresponding to an integrated luminosity of 1.0 fb −1 collected in 2011. As with the search for D 0 → µ + µ − , a multivariate algorithm is used to distinguish signal from combinatorial background and particle identification requirements are used to ensure the pions and muons are well identified. Large resonant contributions to the branching fraction can potentially obscure small signals. To mitigate this effect, the data are divided into bins of the dimuon invariant mass, m(µ + µ − ).
Rare charm decays at LHCb
Christopher Thomas A binned maximum likelihood fit to the D ± (s) mass spectrum is performed in each m(µ + µ − ) bin, sharing some parameters between bins. Fig. 3 shows the fit in each bin. Clear resonant signals are observed in the η, ρ/ω and φ bins, but there is no significant non-resonant signal in the low-and high-m(µ + µ − ) bins in which decays of interest may lie.
To improve the significance of any BSM signal, reconstructed D ± (s) → π ∓ µ ± µ ± candidates are divided into bins of m(µ ± π ∓ ), assuming such a signal will only appear in one bin. The data are divided into four bins of m(µ ± π ∓ ): 250-1140 MeV/c 2 , 1140-1340 MeV/c 2 , 1340-1550 MeV/c 2
Christopher Thomas The determination of the branching fraction B(D ± (s) → πµµ), where πµµ represents both charge combinations, is performed using the formula
where N(X) and ε(X) are the yield and selection efficiency of the final state X, respectively. As in the search for D 0 → µ + µ − , efficiencies are taken from Monte Carlo simulated data corrected by data-driven methods, and B(D ± (s) → φ(µ + µ − )π) is taken from Ref. [5] . The CL s method is used to determine the upper limit on the branching fraction of each decay. The results at 95% C.L., excluding the resonant regions, are 
Conclusions
Searches for rare charm decays are a promising way to reveal the presence of any BSM physics. In these proceedings we have presented two analyses of data collected in 2011 by the LHCb experiment. The first is a search for D 0 → µ + µ − decays and the second is a search for D ± (s) → π ± µ + µ − and D ± (s) → π ∓ µ ± µ ± decays. Upper limits on the branching fractions are set for each final state. These limits represent improvements by a factor of O(10-100) over the previous best measurements, but there are not yet enough data to reach SM-level sensitivity.
An update to the search for D 0 → µ + µ − can be found in Ref. [14] . Both analyses will be extended to use the data set collected by LHCb in 2012.
